[Abstract] Molecular dynamics (MD) simulations have become one of the most important tools in understanding the behavior of bio-molecules on nanosecond to microsecond time scales. In this protocol, we provide a general approach and standard setup protocol for MD simulations by using the Gromacs MD suite.
Obtain the protein coordinates
The basic ingredient to start MD simulations is a protein structure coordinate file in PDB format that can be downloaded from RCSB website (http://www.rcsb.org/pdb/home/home.do). RasMol tool is used for visual inspection of the protein structure and also for graphics rendering. Gedit tool is used to open and edit the text files. 
Note

Periodic Boundary Conditions (PBC): Setup the box for simulations
Periodic Boundary Conditions were applied for the protein to be simulated to keep track of the motion of all particles and to avoid/minimize the edge effect on the surface atoms. For this purpose, a box (supercell) is defined, and that supercell is surrounded by infinitely replicated, periodic images of itself (Li, 2005) . Therefore a surface particle may interact not only with particles in the same supercell but also with particles in adjacent image supercells (Li, 2005) . Note: An ideal value for the distance is at least 1.0Å or more for most systems.
Solvate the box
To mimic the physiological environment for a protein, the simulation system (box around the protein) need to be solvated. This step is not necessary for simulations in vacuum. However, it is an essential step for the simulations of protein both in water and/or membrane. To solvate the protein, the 'solvate' command needs to be used. The 'solvate' command adds the required number of water molecules around the protein based upon the dimensions/box type that is specified in 'editconf' of step 2 above.
gmx solvate -cpprotein_editconf.gro -p protein.top -o protein _water.gro
Note: The topology (.top) file is updated and now it contains the topology of water molecules in addition to protein topology.
It is necessary to neutralize the system prior to simulations. For that it is necessary to add counter ions according to the total charge of the system by using 'genion' command. Prior to use 'genion' command, a gromacs pre-processor file has to be generated which contains the atomic description + topology of the molecule being studied.
Preprocessing
The preprocessing in Gromacs is done by using 'grompp' command that is used to collect parameters, topology, and coordinates into a single run input file for next step, e.g., protein_b4em.tpr as shown below. It is in binary format. Once the .tpr file is generated, it is possible that the simulation can be run from any computer/cluster. 
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-nq for the charge of the ion (in case of positive ions -np 1 should be used).
For example, in the case the system has a net charge of + 3.00. Therefore, it is needed to add three chloride ions to neutralize the overall charge. The index.ndx can be used to merge the groups and to setup up coupling groups, let's say 'Protein and Ligand' as one group.
Energy minimization
In general, energy minimization is commonly used to refine low-resolution experimental structures and to remove steric hindrance that may be caused due to added hydrogen atoms.
Gromacs supports different minimization algorithms: the most commonly used are steepest descent and conjugate gradient. The steepest descent algorithm is the quickest in removing the largest strains in the system but converges slowly when close to a minimum.
The 'grompp' command processes and prepares the input file necessary for energy minimization run. It is to be noted that the same mdrun command is used to perform final molecular dynamics simulations as well. However, the input parameter (.mdp) file needs to be edited accordingly.
Note: There is another step called 'position restraining' before we go for final MD setup. The process is the same as in step 5. This is required to allow the water molecules to adjust with the protein system. Here we restrict the positions of protein atoms and allow the water molecules to flow. Position restraint run is not necessary for simulations in vacuo. The output of this is then passed into the 'mdrun' command, which actually performs the simulation.
MD simulations
Now we enter into the final phase of MD simulations. The parameter file (md.mdp) needs to be adjusted accordingly. The difference between position restraint run/equilibration and production run is minimal: For production run, the position restraints and pressure coupling are turned off and simulations are carried significantly longer, say 1ns to 1ms depends on the research question and availability of resources.
www.bio-protocol.org/e2051 'mdrun', four output files are generated same as in earlier case; these are a trajectory file (.trr) and an energy file (.edr), structure file(.gro) and log (.log) file. These files can be used for further analysis. However, it is necessary to relax the system first before making the production run. In general, the trajectory analysis is done in three phases. First, to perform some standard checks to assess the quality of the simulation runs. The system should have attained equilibrium www.bio-protocol.org/e2051 8 during the simulations to be able to consider for further analysis of the trajectory. This is often checked by looking at quantities such as the temperature vs. time; total energy vs. time etc. by using the GRACE tool. If the results from these analyses are satisfactory, then some basic calculations were measured before actually trying to address the actual research question. One of the most fundamental properties to determine is whether the protein is close to the experimental structure during and after simulations. This is done by calculating the root-meansquare deviation (RMSD) of the backbone atoms with respect to the X-ray structure. In the final phase, the results from different simulations can be combined and analyzed further. Please refer to (Gajula et al., 2013a; 2013b; Kumar et al., 2013; Gajula et al., 2015; Kumar et al., 2016) for detailed MD simulations data analysis procedure. It is also reported that the computer simulations data is comparable to experimental data for the better understanding of the structure and dynamics of proteins (Gajula et al., 2008; Gajula et al., 2013a; 2013b; Gajula et al., 2015) .
Notes
The most important input files manually prepared for the simulations setup are the 'parameter files'
with '.mdp' extension. For the energy minimization step, usually we denote it with name em.mdp;
and position restraining 'pr.mdp' and for final production run we may name it as 'md.mdp'. The standard and optimum average values to be used are provided below. However, it is necessary and at the discretion of the user to prepare these files based on the research question and after careful review of literature.
em.mdp
; em.mdp -used as input into grompp to generate em.tpr 
